This report describes a computer program for determining the backscattered fields of a conducting body of revolution composed of sections of cones and cylinders. The target may be closed at one or both ends with circular disks. The target may have as many as 20 sections, and the program can readily be modified to handle a larger number. The backscattered field for Eg or EA polarization is computed using wedge diffraction theory and geometrical optics. The computed results are in good agreement with experimental measurements for cones, cylinders, double cones, and conically capped cylinders.
INTRODUCTION 1 INTRODUCTION
A computer program, which computes the backscattered field of a body of revolution composed of cones, frustums, cylinders, and disks is given in Appendix I. This program is coded in Fortran IV and the cards are numbered consecutively in columns 76-80. This program has been tested for cones, cylinders, frustums, conically capped cylinders, and double cones, for Ey polarization of the incident and scattered fields. The results of these tests are presented in Reference 1 . The theoretical basis for this program is described in References 1 and 2.
The function of this program is to compute the backscattered field as a function of aspect angle and/or frequency for a given target. This is accomplished by reading and storing the target description, identifying the regions of aspect angle corresponding to axial and specular directions, and applying the appropriate geometrical theory of diffraction solutions to calculate the scattered fields.' In the form presented here the angular pattern for a given target and frequency is computed. Modification of the program to compute a frequency curve for a given target and aspect angle is straightforward.
TARGET DESCRIPTION
The target shape is described in cylindrical coordinates by the second degree equation (1) F(p, z) = Aip 2 + A 2 z 2 + A s p z + A*z + A 5P + A 6 = 0
As this program is written to handle only targets composed of cones, frustums, cylinders and disks, the description of the profile of the target is that of a straight line segment, and may be expressed as (2) F(p,z) = A4Z + A 5P + A 6 = u where A! = A 2 = A 3 = 0. In addition to Eq. (2) the boundaries of each section of the target must be specified. That is, within each section of the target the profile is specified by a set of constants A*. A5, A$ . The next section is described by a new set of constants and so forth. As an example consider the target shown in Fig. 2 . This target is composed of a cone, a cylinder, and a disk, and is a three section target. Thus a set of constants must be specified for each section and the angular boundaries of the sections specified. Figure 1 gives the relations by which the constants may be determined for each surface. The computer format for this input data will be discussed below.
If Eq. (1) is used to describe the target, i.e., any of the constants Ai, A2 A 3 non-zero, this program will compute the scattered field due to the wedge type discontinuities on the target but will not calculate the correct total scattered field. This is because there is no provision in this program to calculate the geometrical optics field of a doubly curved surface. A calculation of this geometrical optics field is included in the creeping wave computer program. 3 
WEDGE DIFFRACTION COMPUTER PROGRAM
Referring to the computer program listing shown in Appendix I, the function of the significant sections of the program will be discussed. The card numbers associated with each section will be specified. This discussion, together with the comment cards included in the program listing, is intended to give sufficient information about the program to enable a qualified programmer to both use and modify the program. Statements which are in common use in Fortran IV such as DIMENSION, COMPLEX, and FORMAT statements will not be discussed as it is assumed that the reader has a knowledge of Fortran IV.
The COMMON declaration (0006) is used to store the constants required in Eq. (2) in the common block labelled / DATA/. This common block is used in conjunction with the unlabelled common block to transfer a particular set of constants Al(I) to A6(I) into the unlabelled common regions shared by the subroutines. This provision reduces the number of calling variables required by each subroutine.
The READ (0030-0040) statements in this block of statements read the required data and provision is also made to write out this data for the purpose of identification.
The statements 0041-0045 initialize constants which are required in the calculations. 
-a
Straight line segments and their corresponding analytic description.
The next block of statements (0046 -0108) identifies the geometrical properties of the target. The function of this section may be described by consideration of a particular target. Figure 2 shows a particular target composed of a cone-cylinder-disk. The geometrical properties of interest are the locations of the wedges, the wedge angles WA(IW), the specular directions THSX(IW), and the length of the specular line FLSX(IW). This task is accomplished by examining the normal vectors (VNX, VNY, VNZ) of the adjoining surfaces at the junction between two sections. The wedge angle is then obtained from the scalar product of the normal vectors, the specular direction is determined by checking for parallel normals at the ends of each section, and the length of the specular line is obtained using the law of cosines.
The next block of statements (0109 -0110) remove the redundancy in specular angle which can occur when the z-axis is a specular direction. For example, in the case of a closed cylinder the directions 9=0°, 180° are specular directions. In a subsequent test for a specular region in (0190 -0196) the sine of the specular angle is taken. As the sine is periodic in 180° care must be taken that the shadowed specular region is not included in evaluating the scattered field. This is accomplished by setting the specular angles 0° and 180° equal to 360°. These specular directions on the axis may then be evaluated using the solution for the axial caustic given in Ref. 1 , and located at (0242 -0266) in this program,
The statements (0111 -0115) convert the computed wedge angles WA(IWD) to the parameter FN(IWD) required for the wedge diffraction coefficient, where IWD is the number of the particular wedge.
Having identified the required geometrical properties of the target the scattered field must now be computed. Thus the iteration for the incidence angle THT is set up (0116 -0117) and the DO loop entered (0118). The incidence angle is incremented and the propagation vector of the incident wave is computed (0119 -0124). Next, the total field is initialized. Then a DO loop is entered (0128) in which the total scattered field is to be obtained by summation of the individual contributions. First the location of the wedge ID is computed (0129 -0135). Next the test parameter BESAR for the axial solution region is computed. At this point a transfer to the solution for a tip scattered field is made if ID = NWD (0137). A determination is now made whether the points on the wedge ID at <j> = 0° , 180° are illuminated or shadowed by calling the subroutine WILLY (0138 -0143). The COMMON block is now reset (0144) , having been used in the previous test, and the angle between the incident ray and the "side" of the wedge ID is computed (0145 -0177). The phase of the backscattered field of the 4> = 0°, 180° points on the wedge ID is calculated by the subroutine PHASE. Having completed these calculations we now move to the computation of the scattered field due to the "wedge" ID.
The first step in the field calculation is a test (0185 -0189) to determine if the incident angle THT is in a region for which the axial solution must be used. This region is bounded by the angle corresponding to the first null of the first order Bessel function Ji(2ka sinO). If so a transfer is made to the axial solution. Next (0190 -0197) a test is made to determine whether the incidence angle is within a region about a specular direction specified by the first null of the sin(x)/x function. If so a transfer to the specular solution is made. It is noted that as this test is made after the test for the axial region the axial solution has precedence. At this point a transfer to the solution for a tip scattered field is made if ID = 1 . Locating this provision after the axial and specular region test insures that the specular region THSX(l) indicated in Fig. 2 will be included.
Having tested for regions where a special solution is required, the scattered field due to the wedge discontinuity is now computed (0Z01 -0Z10), and added to obtain the total field. A transfer to the end of the DO loop is then made.
The solution for the specular field using the sin(x)/x formulation given in Ref. 2 , is computed in 0211 -0238. Again this field is added to obtain the total field, and upon completion transfers to the end of the DO loop.
The solution for the axially scattered fields given in Ref. 2 is computed in 0239 -0272. Again this contribution is added to obtain the total field, and a transfer is made to the end of the DO loop.
The tip scattered fields are computed in 0273 -0297 using the physical optics solution for the field scattered by an infinite conducting cone.
Again this contribution is added to obtain the total scattered field.
Statement 301 (0297) is the end of the range of the DO loop over the number of wedges. Thus at this point the contribution of the wedge (ID) to the total field has been computed and added to the scattered field.
At the termination of the DO loop the total backscattered field EDTOT due to all contributions has been computed. Next the backscattered field and the echo area for the incident angle THT are written (0298 -0305) After the loop on incidence angle is completed the program is terminated (0306 -0308).
SUBROUTINES AND FUNCTIONS Subroutine FNORM(FNVX, FNVY, FNVZ, R, THT, PHI) 0309 -0331
This subroutine computes the normal vector (FNVX, FNVY, FNVZ) to the surface for the section whose description is in the unlabelled COMMON region. The spherical coordinates of the point at which the normal is computed are R, THT and PHI.
Subroutine FCOMM(I) 0332 -0343
This subroutine shifts the constants describing the section I from the /DATA/COMMON into unlabelled COMMON.
Function RAD(THT) 0344 -0363
This function calculates the distance from the origin to the surface at the angle THT. The constants describing the surface are stored in unlabelled COMMON.
Subroutine WILLY(FWI, THTI, PHI, THIN, PHIN)
This subroutine determines whether the incident wave specified by THIN, PHIN = 0.. TT illuminates the wedge at location THTI, PHI. If the wedge is illuminated FWI is set equal to 1 ., if shadowed FWI is set equal to zero. 
INPUT DATA
A typical set of data cards is shown in Appendix II. The order of the cards is as follows:
Card #1 This card specifies in format (H5) the number of cases to be run.
Card #2 This card specifies the number of sections of the target, in format (115).
Card #3 This card specifies, in order, the wavelength of the incident radiation, the starting incidence angle, the final incidence angle, the increment in angle, and the polarization factor. The wavelength is in meters, the angles in degrees, and the polarization factor is (+1.) for EQ polarization or (-1.) for E(h polarization. The format is (5F10.5).
Next N cards (N=number of target sections). These cards specify in order, the initial and final angular boundaries of the section (in radians), and the constants Aj .
•
If the number on card number 1 is different from 1, the cards #2 to (#3 + N) are repeated. This is necessary if any of the following options are desired. It is also possible to re-write the control statements in the program to provide more versatility in the control, that is, to provide for automatic looping over wavelength, or polarization. The form presented here is convenient as most experimental data is taken in the form of an echo area pattern, rather than as echo area versus frequency. A flow diagram of the program is given in Appendix IV.
CONCLUSIONS
This report is not intended to completely specify each detail of the computer program. It is intended to provide information about the program which is necessary to the use or modification of the program. The accuracy of the program has been tested for the case of Eg (parallel) polarization as reported in Ref. 0256  0257  0258  0259  0260  0261  0262  0263  0264  0265  0266  0267  0268  0269  0270  0271  0272  0273  0274  0275  0276  0277  0278  0279  0280  0281  0282  0283  0284  0285  0286  0287  0288  0289  0290  0291  0292  0293  0294  0295  0296  0297  0298  0299  0300  0301  0302  0303  0304  0305  0306  0307  0308  0309  0310  031 1  0312  0313  0314  0315  0316  0317  0318 
) (THT I ( 1RD) .THTF( IRD ) .ARl ( IRD).AR3(IRD).BR1 ( IRD).AR9( IRD). CAR10(IRD).ARl1(IRD).IRD=1.N) WRITE(6.3) (THTI (J).THTF(J),ARl(J).AR3(J>«BRl(J).AR9(J).ARl0(J)
.
APPENDIX III COMPUTER TESTS FOR E<j> POLARIZATION
A limited amount of data has been obtained for the case of E(f> polarization. The computed results are compared with measured data for the cone and double cone in Figs-3 and 4 . The data for the cone is that of Keys and Primich 5 and the double cone data is from Eberle and St. Clair. 6 For the case of the cone the greatest error is in the near forward region where the single diffraction solution is used. The results in this region agree with the single diffraction results of Bechtel. 7 The results in this region could be improved by extending the edge current formulation for the axially scattered fields to this region. In the case of the double cone the calculated echo area is in error in the region about 9 = 90° . This is a region where the effect of edge type creeping waves 1 at the junction should be considered. These test results indicate that further extension of the theory and computer program is necessary to remove these sources of error. However, for targets which are large in terms of wavelength the accuracy will improve, as both the edge current and creeping wave effects would diminish. 
